In this paper, we investigate the Novikov equation with a weakly dissipative term. A new blow-up criterion independent of the initial energy is established. MSC: 37L05; 35Q58; 26A12
Introduction
Recently, Vladimir Novikov [] derived the following integrable partial differential equation
In [], Hone and Wang gave a matrix Lax pair for the Novikov equation and showed how it was related by a reciprocal transformation to a negative flow in the Sawada-Kotera hierarchy. Infinite conserved quantities were found as well as a bi-Hamiltonian structure. Then in [], Hone, Lundmark and Szmigielski calculated the explicit formulas for multipeakon solutions of (.), using the matrix Lax pair found by Hone and Wang. A detailed description of the corresponding strong solutions to (.) with initial data u  was given by Ni In this paper, we consider the following weakly dissipative Novikov equation:
where u(x) denotes the velocity field and y(x, t) = u -u xx . In [], local well-posedness for weakly dissipative Novikov equation (.) by Kato's theorem and some blow-up results were proved. The global existence of strong solutions to the weakly dissipative equation was also presented. Now, we recall some elementary results which will be used in the paper. 
Then the corresponding solution to (.) with u  (x) as initial data blows up in finite time.
For studies on related dissipative equations, we can refer to [-].
Blow-up phenomenon
Before going to the main results, we introduce some notations and do some preliminaries.
  , the operator - can be expressed by its associated Green's function
Due to (.), equation (.) is equivalent to the following one
Motivated by Mckean's observation for the Camassa-Holm equation [], we can do the similar particle trajectory as
where T is the life span of the solution. Differentiating the first equation in (.) with respect to x, one has
Hence q x (x, t) = exp t  uu x (q, s) ds and q x (x, ) = .
Then q(x, t) is a diffeomorphism of the line before blow-up. Since
it follows that
The first result reads as follows.
Theorem . Suppose that u  ∈ H  (R) and there exists x  ∈ R such that u  (x  ) > ,
as well as
Then the corresponding solution u(x, t) to equation (.) with u  as the initial datum blows up in finite time.
Remark . Due to the effect of the weakly dissipative term, we add condition (.) by comparing it with the blow-up result of the Novikov equation [] . But unlike condition (.), here it does not depend on the initial energy at all.
Proof Due to equation (.) and initial condition (.), we have
for all t ≥ . Since u(x, t) = G * y(x, t), one can write u(x, t) and u x (x, t) as
Consequently, we can obtain
for all t > . Rewrite (.) as
By differentiating the above equation, we get
Use the above equation and differentiate uu x (q(x  , t), t) with respect to t:
where q is the diffeomorphism defined in (.) and we also apply the following inequalities in []:
Owing to condition (.), we can derive
Claim uu x (q(x  , t), t) <  is decreasing and
Firstly, differentiating I(t), we have 
